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Walking down the “IL”: The Newfound Marriage between IL-36 and
Chronic Obstructive Pulmonary Disease

Chronic obstructive pulmonary disease (COPD) is characterized by
elevated concentrations of inflammatory cytokines and chronic lung
inflammation (1). Tobacco use is a primary cause of COPD (2),
though mechanisms leading to disease development remain
unknown. Although management of COPD is possible, most
patients will experience at least one exacerbation each year,
representing a large burden on the healthcare system (2).
Therefore, studies into mechanisms leading to COPD could
highlight targets for immunotherapeutic development, helping to
decrease the burden of this disease. Cigarette smoke has been
shown to elicit the production of several inflammatory cytokines in
bronchial epithelial cells, including the understudied IL-36 family,
implicating these cytokines as potential players in smoking-
induced chronic inflammation that could lead to COPD (3). To
explore this possibility, in this issue of the Journal, Kovach and
colleagues (pp. 173–182) report on their investigations into the
relationship between IL-36 cytokine expression and lung
inflammation in long-term smokers with and without COPD (4).

Discovered two decades ago, the IL-36 cytokines belong to the
IL-1 superfamily and consist of three agonists—IL-36a, IL-36b, and
IL-36g—and the IL-36 receptor antagonist (IL-36Ra) (5). IL-36
agonists promote inflammation via IL-36R signaling (6), and they
function primarily at barrier sites, including the skin, lung, and gut,
where they can sufficiently initiate immune protection mechanisms
against environmental challenges (7). Signaling through IL-36R
results in MyD88-dependent activation of proinflammatory
pathways leading to recruitment and activation of immune cells as
well as antimicrobial activity (8). Importantly, IL-36 agonists also
stimulate T cells and dendritic cells in the skin (9) and induce
T-cell proliferation and polarization (10), suggesting that these
cytokines serve as a bridge between the innate and adaptive
immune systems. The inflammatory signals induced by IL-36
agonists are regulated by IL-36Ra, helping to maintain tissue
homeostasis (11, 12). However, disruption of this balance is a
hallmark of several inflammatory diseases, including psoriasis,
inflammatory bowel disease, and arthritis (13). Given the role of
IL-36 in inflammatory diseases, it is reasonable to expect that the
dysregulation of IL-36 signaling could significantly contribute to
smoking-induced COPD progression.

Although studies have shown that both IL-36a and IL-36g
exert proinflammatory effects in the lung (14–16) and are elevated
upon infection with viruses or bacteria in vivo (17, 18), little is
known about the role of IL-36 in long-term inflammation in the
lung. Using cells isolated from wild-type mouse lungs, Kovach and

colleagues first determined cell-specific production of IL-36
agonists. After stimulation with heat-killed Klebsiella pneumoniae,
differential expression of IL-36 was observed, in which fibroblasts
and macrophages displayed increased IL-36g expression and
type II alveolar epithelial cells displayed increased IL-36a expression.
To determine whether cigarette smoke could induce IL-36 agonist
expression in human lung cells, primary bronchial epithelial cells
from nonsmokers were treated with cigarette smoke components for
up to 7 days. Interestingly, temporal differences in IL-36 agonist
expression were observed, such that IL-36g was upregulated early
before declining in expression, whereas IL-36a was upregulated later
at Day 7. These results suggest a role for IL-36g in mediating an
early innate immune response whereas IL-36a may contribute more
to chronic inflammation in the context of cigarette smoke
component stimulation. Knowing that cells in both mouse and
human lungs are responsive to elements leading to COPD, the
authors next investigated patient plasma and BAL fluid (BALF)
samples collected from long-term smokers (LTS) with or without
COPD. Generally, systemic IL-36a and IL-36g expression was
found to be higher in LTS with or without COPD compared with
nonsmoker control subjects. The exception to this was that little
difference was observed between concentrations of IL-36g in
plasma from LTS with COPD compared with nonsmokers, which
could support the idea that IL-36g is elevated early in the immune
response, serving a protective role. In addition, both IL-36a and
IL-36g were elevated locally in LTS with and without COPD
compared with nonsmokers, with a trend toward higher
concentrations of IL-36 agonists in BALF from patients with
COPD compared with BALF from patients without COPD, though
this was not statistically significant. An intriguing discovery came
upon the observation that IL-36a protein concentrations in BALF
were found to correlate with declining lung function as measured
by forced expiratory volume in 1 second and airway obstruction
as measured by the forced expiratory volume in 1 second/forced
vital capacity ratio, suggesting that IL-36a could be a potential
diagnostic marker for worsening lung function in COPD. To
further investigate IL-36 agonists in the inflammatory cytokine
milieu, correlations between a panel of Th1 and Th17 cytokines
and IL-36g and IL-36a were examined in BALF and plasma
samples. Several positive correlations were found both locally
and systemically, supporting the notion that elevated IL-36
agonist concentrations are associated with an elevated
inflammatory response. Further investigation of immune cell
responses to direct stimulation with IL-36 agonists using

This article is open access and distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives License 4.0
(http://creativecommons.org/licenses/by-nc-nd/4.0/). For commercial usage and reprints, please contact Diane Gern (dgern@thoracic.org).

Supported by a pilot grant from U54 GM104940 which funds the Louisiana Clinical and Translational Science Center and the Louisiana Board of Regents
Endowed Chairs for Eminent Scholars program, as well as by Public Health Service (PHS) grant R35HL139930.

Originally Published in Press as DOI: 10.1165/rcmb.2020-0461ED on November 17, 2020

Editorials 153

http://crossmark.crossref.org/dialog/?doi=10.1165/rcmb.2020-0461ED&domain=pdf
https://doi.org/10.1165/rcmb.2020-0035OC
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org
http://dx.doi.org/10.1165/rcmb.2020-0461ED


pulmonary macrophages demonstrated increased mRNA
expression of TNFa and CXC and CC chemokines, which occurred
in a MyD88- and IL-36R–dependent fashion. This held true as well
for pulmonary macrophage stimulation with macrophage-derived
microparticles from wild-type mice, as IL-36 cytokines are believed
to be delivered in microparticles and exosomes (19). Conversely,
microparticles derived from IL-36g2/2 mice or antibody-mediated
inhibition of IL-36g signaling resulted in no enhanced expression
of measured chemokines and cytokines, suggesting that this
stimulation was IL-36 agonist dependent.

Importantly, the authors expand on the limited available data
surrounding contributions of IL-36 cytokines to inflammatory
pathogeneses, providing a preliminary snapshot of spatiotemporal
regulation of IL-36 signaling in the lung. This study has identified
IL-36 as a clear marker of chronic lung inflammation in LTS and
suggests a significant role for these cytokines in the progression of
declining lung function. In addition, this work presents the potential
for using IL-36 as a diagnostic tool in assessing lung damage in
COPD. As this is a pilot study, additional investigation is required to
tease out differences in IL-36–driven inflammation between LTS
with and without COPD. In addition, further examination of
specific mechanisms of IL-36–mediated inflammation are needed.
Especially interesting is the interplay between IL-36a and IL-36g in
driving early and late stages of disease progression and determining
the cause of the imbalance between agonist and antagonist. Overall,
this study sets up the importance of investigations into the
mechanisms of IL-36–induced inflammation in the lung.
Understanding these pathways will aid in the development of
targeted immunotherapies for treating COPD and related
diseases, and this study brings the field one step closer to achieving
this aim. n

Author disclosures are available with the text of this article at
www.atsjournals.org.

Janet E. McCombs, Ph.D.
Jay K. Kolls, M.D.
Department of Medicine
Tulane University School of Medicine
New Orleans, Louisiana

References

1. Chung KF. Cytokines in chronic obstructive pulmonary disease. Eur
Respir J Suppl 2001;34:50s–59s.

2. Bollmeier SG, Hartmann AP. Management of chronic obstructive
pulmonary disease: a review focusing on exacerbations. Am J Health
Syst Pharm 2020;77:259–268.

3. Parsanejad R, Fields WR, Steichen TJ, Bombick BR, Doolittle DJ.
Distinct regulatory profiles of interleukins and chemokines in response

to cigarette smoke condensate in normal human bronchial epithelial
(NHBE) cells. J Interferon Cytokine Res 2008;28:703–712.

4. Kovach MA, Che K, Brundin B, Andersson A, Asgeirsdottir H, Padra M,
et al. IL-36 cytokines promote inflammation in the lungs of long-term
smokers. Am J Respir Cell Mol Biol 2021;64:173–182.

5. Smith DE, Renshaw BR, Ketchem RR, Kubin M, Garka KE, Sims JE. Four
new members expand the interleukin-1 superfamily. J Biol Chem
2000;275:1169–1175.

6. Towne JE, Garka KE, Renshaw BR, Virca GD, Sims JE. Interleukin (IL)-
1F6, IL-1F8, and IL-1F9 signal through IL-1Rrp2 and IL-1RAcP to
activate the pathway leading to NF-kappaB and MAPKs. J Biol Chem
2004;279:13677–13688.

7. Buhl AL, Wenzel J. Interleukin-36 in infectious and inflammatory skin
diseases. Front Immunol 2019;10:1162.

8. Swindell WR, Beamer MA, Sarkar MK, Loftus S, Fullmer J, Xing X, et al.
RNA-seq analysis of IL-1B and IL-36 responses in epidermal
keratinocytes identifies a shared MyD88-dependent gene signature.
Front Immunol 2018;9:80.

9. Vigne S, Palmer G, Lamacchia C, Martin P, Talabot-Ayer D, Rodriguez E,
et al. IL-36R ligands are potent regulators of dendritic and T cells.
Blood 2011;118:5813–5823.

10. Vigne S, Palmer G, Martin P, Lamacchia C, Strebel D, Rodriguez E,
et al. IL-36 signaling amplifies Th1 responses by enhancing
proliferation and Th1 polarization of naive CD41 T cells. Blood 2012;
120:3478–3487.

11. Debets R, Timans JC, Homey B, Zurawski S, Sana TR, Lo S, et al. Two
novel IL-1 family members, IL-1 delta and IL-1 epsilon, function as
an antagonist and agonist of NF-kappa B activation through the
orphan IL-1 receptor-related protein 2. J Immunol 2001;167:
1440–1446.

12. Palomo J, Dietrich D, Martin P, Palmer G, Gabay C. The interleukin
(IL)-1 cytokine family--Balance between agonists and antagonists in
inflammatory diseases. Cytokine 2015;76:25–37.

13. Queen D, Ediriweera C, Liu L. Function and regulation of IL-36 signaling
in inflammatory diseases and cancer development. Front Cell Dev
Biol 2019;7:317.

14. Ramadas RA, Ewart SL, Iwakura Y, Medoff BD, LeVine AM. IL-36a
exerts pro-inflammatory effects in the lungs of mice. PLoS One 2012;
7:e45784.

15. Ramadas RA, Ewart SL, Medoff BD, LeVine AM. Interleukin-1 family
member 9 stimulates chemokine production and neutrophil influx in
mouse lungs. Am J Respir Cell Mol Biol 2011;44:134–145.

16. Chustz RT, Nagarkar DR, Poposki JA, Favoreto S Jr, Avila PC,
Schleimer RP, et al. Regulation and function of the IL-1 family
cytokine IL-1F9 in human bronchial epithelial cells. Am J Respir Cell
Mol Biol 2011;45:145–153.

17. Aoyagi T, Newstead MW, Zeng X, Kunkel SL, Kaku M, Standiford TJ.
IL-36 receptor deletion attenuates lung injury and decreases
mortality in murine influenza pneumonia. Mucosal Immunol 2017;10:
1043–1055.

18. Aoyagi T, Newstead MW, Zeng X, Nanjo Y, Peters-Golden M, Kaku M,
et al. Interleukin-36g and IL-36 receptor signaling mediate impaired
host immunity and lung injury in cytotoxic Pseudomonas aeruginosa
pulmonary infection: role of prostaglandin E2. PLoS Pathog 2017;13:
e1006737.

19. Kovach MA, Singer BH, Newstead MW, Zeng X, Moore TA, White ES,
et al. IL-36g is secreted in microparticles and exosomes by lung
macrophages in response to bacteria and bacterial components.
J Leukoc Biol 2016;100:413–421.

EDITORIALS

154 American Journal of Respiratory Cell and Molecular Biology Volume 64 Number 2 | February 2021

http://www.atsjournals.org/doi/suppl/10.1165/rcmb.2020-0461ED/suppl_file/disclosures.pdf
http://www.atsjournals.org

